Antananarivo, the capital city of Madagascar, has an endemic focus of tuberculosis (TB). We specifically studied patients with extrapulmonary TB (EPTB) and grouped patients according to infected body site. The strains were characterized by IS6110 fingerprinting and compared with those isolated from patients with pulmonary TB (PTB) during the same period in order to determine the possible association between the genotype and the clinical expression of TB. A total of 316 TB patients were included in this study: 151 individuals with EPTB, 10 with both PTB and EPTB, and 155 with PTB alone. Pleural TB was the major EPTB localization (77%) and was found more often in older patients, while PTB or EPTB in which the localization was other than pleural (other EPTB) was found in younger patients. The male-to-female ratio was slightly higher in pleural TB patients (3.06:1) than in patients with other EPTB (1.35:1). There was no significant difference in the BCG status among patients with PTB, pleural TB, and other EPTB. Analysis of IS6110 patterns showed that 167 patients (52.8%) were assigned to 37 clusters of 2 to 34 patients. Analysis of the IS6110 clusters and the IS6110 families did not show any association with a particular clinical expression of the disease. Patients with PTB or other EPTB were more likely to have strains with one IS6110 copy than patients with pleural TB. The clustering rate was found to be significantly higher in female patients (62%) than in male patients (48%) (P ‫؍‬ 0.029), suggesting that Malagasy women were more likely to progress to disease after infection than men.
Although tuberculosis (TB) usually attacks the lungs, resulting in the pulmonary TB (PTB) form, other organs can be affected, leading to extrapulmonary TB (EPTB) or disseminated TB. The importance of EPTB among all forms of TB has not yet been ascertained in developing countries. This situation is due to the difficulty of the clinical diagnosis, which must be confirmed by culturing of Mycobacterium tuberculosis or hispathologic analysis, not always available. This situation can also be attributed to the lack of reliable data. In industrialized countries, prior to the human immunodeficiency virus (HIV) epidemic, about 15% of TB cases were declared extrapulmonary (6, 13) . Since the emergence of HIV, EPTB has been detected more frequently (more than 30%) among HIV-infected individuals in Europe and in the United States (13, 20) . All organs can be affected, but the frequencies of the different clinical sites of EPTB vary according to country (1, 6, 10, 12, 19) . In Madagascar, a country in which TB is hyperendemic but in which the rate of HIV infection is low (2), the main extrapulmonary forms have been found to be pleural TB followed by lymph node TB (3, 5, 15, 17) . The reason why some organs are more affected than others is not well understood. However, as was observed in the preantibiotic era, it is known that pleural TB often has a favorable outcome, in contrast to PTB (9) . Thus, we can hypothesize that pleural TB may be due to less virulent M. tuberculosis strains. Alternatively, some M. tuberculosis strains may be more virulent and cause PTB or disseminate more easily than others and thus affect preferentially specific sites. A study in Thailand suggested that some strains may be more capable of causing meningitis than others (16) .
In this study, the distribution of the different sites of EPTB found in patients from Antananarivo, the capital of Madagascar, is reported. Molecular fingerprinting with the IS6110 genetic marker was used to characterize the M. tuberculosis complex strains isolated from EPTB and PTB patients. The objectives of the study were to determine whether there is an association between the genotype and the clinical expression of disease and to compare the clustering rates.
MATERIALS AND METHODS
Study population. This study was carried out in the city of Antananarivo. Clinical samples were obtained from all consecutive patients suspected of having EPTB in the six main health centers of Antananarivo between May 1994 and July 1995. These centers handled one-third of the EPTB cases diagnosed and declared in Antananarivo. A total of 689 clinical specimens (426 pleural, 55 sputum, 45 lymph node, 47 peritoneal, 33 cerebrospinal fluid, 34 urine, 14 bone, 15 genital, 11 pericardial, 3 cutaneous, and 6 miscellaneous specimens) were obtained from 465 individuals with clinical symptoms of EPTB. One hundred sixty-one cases were confirmed by bacteriologic analysis; 151 patients had EPTB and 10 had PTB associated with an extrapulmonary site. For 34 patients, two or three strains were isolated from the same patient, either from the same clinical site or from different clinical sites.
From a previous study on genetic polymorphisms of PTB strains (18) , 155 patients were randomly sampled from among 559 PTB patients seen at three health centers. They corresponded to 23% and were representative of the PTB cases declared in Antananarivo between August 1994 and December 1995. The strains isolated from these PTB patients were compared with the strains isolated from the EPTB patients.
All the patients analyzed in this study were Malagasy and HIV seronegative. Bacteriologic analysis. All the clinical specimens were cultured on standard Lowenstein-Jensen (LJ) medium (Diagnostics Pasteur, Paris, France) and on LJ medium without glycerol but supplemented with 0.5% pyruvate. Mycobacterial isolates were identified according to growth on LJ medium, colony morphology, and the following biochemical tests: niacin production, catalase, urease, and nitrate reductase (7) . The French National Reference Center for Mycobacteria (Pasteur Institute, Paris, France) was the reference laboratory for the quality control of strain identification.
All the strains isolated from each EPTB patient (197 strains) and one strain per PTB patient (155 strains) were analyzed by restriction fragment length polymorphism (RFLP) typing.
RFLP typing and analysis of IS6110 patterns. Genomic DNA was extracted from M. tuberculosis colonies by the method described by van Soolingen et al. (24) . DNA fingerprints were obtained by using the standardized RFLP technique with the IS6110 insertion sequence (IS6110 patterns) (23) . Computer-assisted analysis of IS6110 patterns was performed by using Taxotron software (P. A. D. Grimont, Institut Pasteur, Paris, France). The patterns were compared by the unweighted pair-group clustering method of averages (21) . The matching of patterns was further confirmed by visual examination.
A cluster of M. tuberculosis strains was defined as two or more strains with identical RFLP patterns. A cluster of patients was defined as two or more patients with identical strains. Yeh et al. (25) reported that IS6110 genotypes could change at a relatively high rate for strains with 8 to 14 bands and suggested that strains with a two-band difference could be considered related. Therefore, we classified all the RFLP profiles with more than seven bands into IS6110 families. Profiles were assigned to the same IS6110 family when they differed by only one or two hybridizing bands.
Statistical analysis was carried out by using the 2 test or the Fisher's exact test for sample size values of Յ5. Differences were considered significant when the P value was Ͻ0.05.
RESULTS
General characteristics of the patients. A total of 316 TB patients were included in this study: 151 individuals with EPTB, 10 individuals with both PTB and EPTB, and 155 individuals with PTB alone. The general characteristics of the patients classified according to the clinical site of TB are reported in Table 1 . In summary, of the 151 EPTB patients, 117 had pleural TB (77.4%), 13 had lymph node TB (8.6%), 11 had peritoneal TB (7.2%), 3 had bone TB, 2 had meningitis, 1 had cutaneous TB, 1 had synovial TB, 1 had ear, nose, and throat TB, 1 had pericardial TB, and 1 had both pleural TB and peritoneal TB. For the 10 patients with both PTB and EPTB, the extrapulmonary site was pleural for 6 patients, lymph node for 3 patients, and peritoneal for 1 patient. The male-to-female ratio (sex ratio) was 2.1:1. The age of the patients ranged from 1 to 74 years (mean age, 33.2 years). The BCG status was known for 306 of the 316 patients (97%); 239 of 306 (78%) were vaccinated. During the course of the treatment, seven patients died: two men with pleural TB and five patients (three men and two women) with PTB.
Pleural TB and PTB are both classified as respiratory TB. In this study, pleural TB, alone or associated with a pulmonary site, was the most frequent extrapulmonary form observed (77%). In the study group, 117 patients had only pleural TB, 1 patient had both pleural TB and peritoneal TB, and 6 patients had both PTB and pleural TB. Therefore, patients were grouped into patients with PTB, pleural TB, and EPTB in which the localization was other than pleural (other EPTB). The mean age of the patients with pleural TB (36.2 years) was higher than those of the patients with other EPTB (28.3 years; P ϭ 0.0042) or with PTB (32 years; P ϭ 0.008). The male-tofemale ratio was also higher for the patients with pleural TB (3.06:1) than for the patients with other EPTB (1.35:1) or PTB (1.75:1) (P ϭ 0.05). No significant differences were found among these three groups in BCG vaccination status.
IS6110 RFLP profiles of M. tuberculosis complex strains isolated from PTB and EPTB patients. We determined whether the RFLP type could be associated with a particular clinical site by comparing the isolates from the different types of patients. The IS6110 RFLP types of the 155 PTB strains (152 M. tuberculosis and 3 M. bovis strains) were previously determined (18) . One M. tuberculosis strain did not contain any IS6110 band. Of the 197 strains from the 151 patients with EPTB and the 10 patients with both PTB and EPTB, 195 were identified as M. tuberculosis and 2 were identified as M. bovis (1 from a bone biopsy and 1 from a lymph node). All of the strains were typed by the RFLP method with the IS6110 marker. Analysis of the PTB and EPTB strains revealed 191 different patterns with a number of IS6110 bands, ranging from 1 to 22 (mean, 9.3 IS6110 copies). Thirty-four patients had two TB strains, but only 1 patient with pleural TB had two strains with different RFLP patterns.
Of the 316 patients, 50 patients (15.8%) had strains with a single IS6110 hybridizing band pattern and that were assigned to four different profiles: 34 strains had a band at 1.5 kb, 10 had a band at 4.7 kb, and 5 had a band at 1.8 kb (all M. bovis), and 1 had a band at 5.1 kb. These clusters of strains with one IS6110 copy were both pulmonary and extrapulmonary. In the 118 pleural TB patients, the frequency of strains with one IS6110 copy was 11 of 118 (9.3%); in comparison, the frequencies in the patients with PTB and the patients with other EPTB were 30 of 165 (18.3%) and 9 of 33 (27.3%), respectively (P ϭ 0.021). Of the 316 patients, 176 (55.7%) had strains with an intermediate number of IS6110 bands (8 to 14), while 45 (14.2%) had strains with a low number of bands (2 to 7) and 44 (13.9%) had strains with a high number of bands (more than 14) (Fig. 1) . When we excluded the one-copy strains, we found no significant relationship between the clinical localization of the disease and the number of IS6110 copies. An analysis of the IS6110 profiles showed that 149 patients had strains with a unique IS6110 genotype and that 167 patients (52.8%) were assigned to 37 clusters of 2 to 37 patients. Of the 37 clusters, there were 24 clusters with fewer than 4 patients (20 clusters with 2 patients and 4 clusters with 3 patients). When we examined the clusters with more than four patients, no RFLP profile could be obviously associated with a clinical form of TB or a particular site of disease. As the majority (69.6%) of the patients had strains with more than seven bands (Fig. 1) , we classified the RFLP profiles into IS6110 families. Thus, according to Yeh et al. (25) , we identified 30 IS6110 families (Fig. 2) , of which 6 contained at least 10 patients (families 1, 2, 7, 29, 39, and 44). The other families were too small and so were excluded from the analysis. IS6110 families 1 and 39 contained only PTB and pleural TB patients. The other four families contained patients with all forms of TB, so there was no evidence of any association with the clinical expression of the disease.
Rate of clustering. Based on the RFLP patterns, clustering rates were compared for M. tuberculosis strains and clinical infection sites ( Table 2 ). The mean number of IS6110 bands was 9.3 per strain. When we excluded the 50 patients having strains with one copy, the percentages of clustered patients were 53.9% for those having strains with an intermediate number of bands and 17.7% (P ϭ 0.0003) and 34.1% (P ϭ 0.028) for patients having strains with low and high numbers of bands, respectively (Fig. 1) . Thus, strains with an intermediate number of IS6110 copies were more likely to be clustered. 2 . Distributions of patients with PTB, pleural TB, and other EPTB in IS6110 families. The IS6110 family numbers are arbitrary numbers used in our laboratory. Key to superscript numbers: 1, this group contains patients with PTB and patients with both PTB and EPTB; 2, lymph node TB; 3, one meningitis and one cutaneous TB; 4, peritoneal TB; 5, two peritoneal TB and one lymph node TB; 6, meningitis; 7, one peritoneal TB and one bone TB; 8, ear, nose, and throat TB.
We did not observe any differences in the rates of clustering among patients with PTB, pleural TB, and other EPTB (P ϭ 0.68). With regard to the groups of clustered and nonclustered patients, no significant difference was found for age or BCG vaccination status (data not shown). However, the male-tofemale ratio was lower for clustered patients (1.6:1) than for nonclustered patients (2.8:1). In other words, the rate of clustering was significantly higher for the female patients (62%) than for the male patients (48%) (P ϭ 0.029). This difference was marked for the PTB patients (P ϭ 0.019). Moreover, while for the male patients the rates of clustering were the same for all age ranges, these rates for the female patients varied with age (Table 3) : they were 35.7% for patients less than 21 years old, 57.1% for 21-to 30-year-old patients, 75% for 31-to 40-year-old patients, 55.5% for 41-to 50-year-old patients, and 90% for patients more than 50 years old (P ϭ 0.039). This difference was even more marked when only the PTB form was considered: the rates of clustering for these age ranges were, respectively, 42.8, 50, 89.4, 100, and 80% (P ϭ 0.022).
DISCUSSION
In this study, we used molecular typing methods to determine whether certain M. tuberculosis strains had an affinity for particular organs. It should be noted that at present, this is not known. A preliminary report from Thailand on the typing of M. tuberculosis strains isolated from 15 sputum and 6 cerebrospinal fluid samples suggested the ability of such strains to cause meningitis (16) . To our knowledge, no other report confirmed these results. In this study, two of our strains were responsible for meningitis. One belonged to IS6110 family 8, and the other belonged to IS6110 family 44 (Fig. 2) , which also contained strains from both PTB and pleural TB patients. The most frequent IS6110 families, 2, 7, 29, and 44 ( Fig. 2) , contained strains from patients with PTB, pleural TB, and other EPTB. It is possible that these strains disseminate more easily than others. This notion needs to be confirmed. We cannot draw conclusions about the specificity of one family for one clinical site, since the proportion of patients with other EPTB was low.
Pleural TB usually develops via lymphatic spread of PTB but has a good prognosis and often results in "self-cure" (9, 13) . One explanation could be that, following a primary infection, less virulent strains lead to pleural TB, while the most virulent strains are more likely responsible for the development of PTB or are more easily disseminated, leading to EPTB. Strains with one IS6110 copy were significantly more frequent in PTB and EPTB patients than in pleural TB patients, suggesting that these strains are more virulent than multiple-band strains. However, of the seven deceased patients, only two PTB patients had strains with single IS6110 copies and five patients had strains with other patterns; this difference was not significant (P ϭ 0.16). Thus, the virulence of such strains cannot be the only explanation for our results. Besides, it has been suggested that strains with a single IS6110 copy are ancestral strains (4). We can thus assume that they have been circulating in the population for a longer time than other strains, explaining their high frequency in PTB patients.
Sex difference in TB notification rates have been reported often, with a higher incidence in males. This difference is generally explained by either underdiagnosis or underreporting of TB in females. A study of the sex ratio among TB patients in San Francisco (14) , on the basis of clustering data, suggested that the sex difference may be due to a difference in transmission dynamics rather than underdiagnosis. It may also be due to a difference in infection and/or progression to disease (8) . In this study, the male-to-female ratio in the global TB population (2.1:1) was slightly higher than the ratio of 1.5:1 reported in previous studies (3, 17) . However, the global rate of clustering in female patients was higher than that in male patients. Besides, while this rate was relatively low (42.8%) in female PTB patients less than 21 years old, it increased significantly in patients more than 21 years old and reached 89% in patients between 31 and 40 years old (Table 3) . A high rate of clustering is associated with recent infection and rapid progression to disease (20) . Thus, our results suggested that women more than 21 years old are more likely to be infected and to develop PTB after infection than men. Considering that pleural TB can be due to reactivation, the low rate of clustering (25%) in 31-to 40-year-old women with pleural TB, compared to that of men in this age range (59%), is in agreement with these results. There may be several explanations for the higher rate of clustering in middle-aged women. It is likely that women are more concerned by immunodeficiency. Since the HIV prevalence is low in Madagascar (2, 26) , it is more likely that socioeconomic and cultural factors (poverty and crowded condition of life, nutritional status, close pregnancies, prolonged breast-feeding, and so forth) influence the rates of TB infection. Although this study did not provide data proving such a hypothesis, our results are in agreement with those of other studies which stated that in their reproductive years, women may progress more rapidly to disease (8, 11) . As women's health has an impact on both their families and the economy, the incorporation of sex difference in TB control programs could yield more beneficial outcomes, as recommended by Uplekar et al. (22) .
